We report on our serendipitous discovery with the XMM-Newton Observatory of a luminous x-ray emitting cluster of galaxies that is located behind the Andromeda galaxy (M31). X-ray emission from the cluster was detected previously by ROSAT, and catalogued as RX J0046.4+4204, but it was not recognized as a galaxy cluster. The much greater sensitivity of our XMM-Newton observations revealed diffuse x-ray emission that extends at least 3 ′ and has a surface brightness profile that is well fit by a standard β-model with β ≃ 0. , Ω M = 0.3 and Ω Λ = 0.7 we derive a bolometric luminosity of 1.6 × 10 45 erg/s. These measurements support the idea that the cluster temperatures and luminosities significantly evolve with redshift. This discovery of a cluster behind M31 demonstrates the utility of x-ray surveys for finding rich clusters of galaxies, even in directions of heavy optical extinction.
to a better understanding of the physics of galaxy clusters, but, until now, many of the cluster properties were still best constrained by optical observations. The recent launch of the powerful XMM-Newton and Chandra X-ray observatories has now made it possible to identify more distant clusters than can be found in the optical and to measure all their parameters with good precision using only X-ray band. Further, X-ray cluster surveys are useful for studying regions with high absorption where optical observation is difficult (Nevalainen et al. 2001 ).
Here we present new XMM-Newton observations of the source RX J0046.4+4202, which was previously believed to be a point source in M31, that indicate it is a high redshift cluster located behind M31. RX J0046.4+4204 was detected during the first and the second deep ROSAT RSPC surveys of M31 performed in June 1991 and July/August 1992 respectively (Supper et al. 2001 ), but it was not recognized as a galaxy cluster. Our analysis of the data obtained with XMM-Newton revealed spatially extended emission from RX J0046.4+4204.
For example, the surface brightness profile is well described with β-model with β ≃ 0.58.
The emission is detected to a radius of 3 ′ .
In this paper, we assume the Ω M = 0.3 and Ω Λ = 0.7 cosmology with the Hubble constant of H 0 = 50 km/s/Mpc. Statistical uncertainties are quoted at the 90% confidence level.
OBSERVATIONS AND DATA ANALYSIS
In the following analysis, we use the data from XMM-Newton observation of the Trudolyubov et al. (2003) . We use the data of two European Photon Imaging Camera (EPIC) instruments: the EPIC-MOS2 detector (Turner et al. 2001 ) and the EPIC-PN detector (Sruder et al. 2001 ).
The EPIC instruments were operated in the full window mode (30 ′ diameter field of view) with medium optical blocking filters and the total EPIC exposure time was ∼ 64 ks. We did not include data from the EPIC-MOS1 detector (Turner et al. 2001 ) in our analysis because most of the cluster falls outside that detector's field of view.
The EPIC data was reduced using the standard XMM-Newton Science Analysis System (SAS v5.3).
3 For each EPIC detector, the light curves showing total count rate in the whole energy band from all CCDs combined were produced. We then screened the EPIC data to exclude time intervals with high background levels. For the EPIC-PN detector, we discarded all periods with count rate greater than 14 counts s −1 . For the EPIC-MOS2 camera, all intervals with total detector count rate in excess of 4 counts s
were rejected. The remaining good exposure time was ∼ 35 ks for the EPIC-PN and ∼ 49 ks for the EPIC-MOS2. In order to remove possible contamination from the particle induced background (Arnaud et al. 2002) , we also examined the light curves of the good remaining data in the 10 − 12 keV and 12 − 14 keV energy bands for the EPIC-MOS2
and the EPIC-PN detector. Those light curves do not show any evidence of unfiltered flare events. The total count rate was found to be always less than 0.3 counts s −1 in the EPIC-MOS2, and less than 0.55 counts s −1 in the EPIC-PN.
To determine the centroid position of the cluster X-ray emission, we used the task wavdetect of the CIAO v2.2.1 Chandra X-ray analysis software package 4 . The cluster center was found to be offset by ∼ 12 ′ from the center of the field of view. In order to correct the effects of the strong energy dependent decline of the X-ray telescope effective area and image distortion at such high off-axis angles, we used XMM SAS v5.3 task evigweight.
For our spectral analysis, we used the screened data in the 0.3 − 7 keV energy band . The spectral response matrices and ancillary response files were generated by SAS v5.3 tasks.
The energy spectra of the source were fitted to an absorbed and red-shifted Raymond-Smith thermal plasma model (phabs*raymond) (Raymond & Smith 1997 ) using XSPEC v11.2.0 (Arnaud 1996) 5 . The spectra from the EPIC-PN and MOS2 detectors were fitted both jointly and separately. For the joint fits, only spectral model normalizations were allowed to vary independently.
RESULTS

X-ray Image
Based on the XMM-Newton aspect solution, which is currently limited by systematics to ∼ 2 − 5 ′′ accuracy, we localize the centroid of RX J0046.4+4204 X-ray emission at 
Spectrum
Because of the large off-axis angle of the cluster position it is important to take into account the energy-dependent decline of the effective area of the XMM-Newton X-ray telescopes. To do that we weighted every event by the ratio of the on-axis effective area to the effective area at the event position for that event energy (Arnaud et al. 2001) and produced vignetting-corrected event lists applying the SAS v5.3 evigweight task to the filtered original event lists. After this correction, the spectra of the cluster were extracted from a circular region with angular radius of 49 ′′ (corresponding to ∼ 300 Kpc at z = 0.293) for the EPIC-MOS2 data, and from a 72 ′′ ×60 ′′ rectangular region (corresponding ∼ 440 × 368 Kpc region for the same value of z) for the EPIC-PN data. The ancillary response files for the on-axis position of the source were created using the routine arfgen of SAS v5.3.
For the final background subtraction, we estimated the contribution of the two remaining background components :the space cosmic X-ray background (CXB) and the particle-induced internal background. 6 .
After correcting for vignetting, the CXB can be estimated from source-free region within the observation even at different off-axis angles. To estimate the CXB background component, we extracted the spectrum from the source-free region of the cluster observation and subtracted the spectrum obtained from the scaled closed data in the region with the same detector coordinates.
Taking the internal background component into account is not trivial because its spectrum is a function of the position on the detector. On the other hand, this component of the background shows insignificant time variability and can be estimated from the data set collected in the other observations with the filter wheel in the closed position (the closed data) 7 . Since the internal background is not vignetted by the X-ray optics, the closed data have to be modified to compensate the effect of the previous routine vignetting correction of the data from our cluster observation. In order to take into account the difference in the exposure time and background intensity, we computed a scale factor comparing count rates obtained outside the field of view in the closed data and our cluster observations.
To estimate the CXB background component, we extracted the spectrum from the source-free region of the cluster observation and subtracted the rescaled spectrum obtained from the closed data in the region with the same detector coordinates. The resulting total background spectrum was obtained by adding the CXB spectrum and the rescaled closed data spectrum extracted from the in the cluster region in the detector coordinates.
The source spectra were rebinned to have at least 40 and 20 counts in each spectral bin for the EPIC-PN and MOS2 detectors, respectively. The results of both joint and separate spectral fitting of the EPIC-PN and MOS2 data are summarized in Table 1 . The EPIC-PN and MOS2 spectra, along with the best-fit spectral models, are shown in 
Surface brightness profile
To derive the surface brightness profile, we first extracted a vignetting-corrected image in the 0.5 − 3 keV energy band from the MOS2 data. Then to remove the internal background, we subtracted vignetting-corrected scaled image from the closed data obtained in the same energy range. This subtraction was done using the same detector regions. We excluded adjacent point sources and obtained the surface brightness profile averaging the flux over concentric annuli centered on the position of the maximum cluster emission. After correction for the vignetting and subsequent internal background component subtraction, the CBX component is constant over detector. We estimated its value from the outer annulus extending radially 4.5 ′ to 8.7 ′ from the position of the maximum cluster emission and subtracted from the profile. The resulting surface brightness profile is shown in Figure   4 .
We fitted this X-ray brightness profile using a standard β-model convolved with the (Table 3. 3). The analytical model gives an acceptable fit to the data as indicated by value of χ 2 : χ 2 (d.o.f.)= 12.3(12).
We computed the flux and the bolometric X-ray luminosity from the cluster normalizing the best-fit spectral model by the count rate in the 0.5 − 3.0 keV energy band. The (Table 3. 3). Table 3 .3 also shows the unabsorbed bolometric luminosity, L β , computed by normalizing the best-fit spectral model by the count rate obtained by integrating the best fit β-model from 0 ′ to 6.6 ′ . This value presents the luminosity of the cluster without the influence of the central peak.
Temperature profile
As we mentioned above, the sharply peaked X-ray surface brightness profile is probably indicative of a cooling flow in the cluster. To examine the spatial dependence of the spectral properties, we have constructed individual spectra in 12 ′′ − 0 ′′ , 25 ′′ − 12 ′′ , and 74 ′′ − 25 ′′ annuli centered on the centroid of the cluster X-ray emission . To construct the spectra, we have used EPIC-PN data. The spectra are fitted with XSPEC using the absorbed red-shifted Raymond-Smith thermal plasma model. We fixed the hydrogen column density N H at 0.25 × 10 22 cm 2 value and redshift at z = 0.293 value. The derived temperatures are summarized in Table 3 and the corresponding temperature profile as a function of angular radius is shown in Fig 5. The temperature decreases towards the cluster center but the uncertainties are large.
Note that the XMM PSF effect is not taken into account in the present analysis. The PSF spreads emission out and, as a result, the temperature gradient may be underestimated (Markevitch 2002) . 0.12 . However, the observed surface brightness is significantly brighter than predicted by a standard β model at radii less than ∼ 0.2 ′ . Further, our examination of the spatial dependence of the X-ray spectral properties -by dividing the diffuse emission into three concentric annuli -indicates that the gas temperature is lower in the bright central core. Together, these result suggest that RX J0046.4+4204 has a central cooling flow.
The temperature we derive for the outer regions of the cluster is significantly lower than the value predicted by the L x − T relation for low redshift clusters. Markevitch (1998) finds the relation L 0 = (1.24 ± 0.11)10 45 (T /6keV ) 2.64±0.27 with a ±4% scatter in T for a large sample of low-redshift clusters. This relation predicts T = 6.6 keV for our cluster, significantly above the observed value of kT (keV ) = 4.6 . However, our temperature measurement is qualitatively consistent with a strong evolution in the L x − T relation reported by Vikhlinin et al. (2002) 
The study we have presented here shows the utility of sensitive X-ray observations for studying clusters of galaxies in directions where foreground confusion or heavy optical extinction makes optical study difficult or impossible. Deep X-ray surveys are therefore be a powerful tool for statistical studies of distant clusters that probe the physics of cluster formation.
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